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(57) ABSTRACT

A display device includes a plurality of touch electrode
disposed 1n the display area; a touch connection electrode
which connects two adjacent touch electrodes which are
spaced apart from each other, among the plurality of touch
clectrodes; and a crack detecting electrode which surrounds
the camera area and 1s disposed on the same layer as the
plurality of touch electrodes, the plurality of touch elec-
trodes include a plurality of first touch electrodes extending
in a first direction and a plurality of second touch electrodes
extending 1n a second direction intersecting the first direc-
tion, wherein the crack detecting electrode includes a first
crack detecting electrode which surrounds the camera area
and a second crack detecting electrode which i1s disposed 1n
the display area and extends in the second direction, and the
second crack detecting electrode has a zigzag pattern.

11 Claims, 10 Drawing Sheets
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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priornity of Korean Patent

Application No. 10-2021-0193483 filed on Dec. 30, 2021, in
the Korean Intellectual Property Office, the disclosure of

which 1s incorporated herein by reference.

BACKGROUND

Field

The present disclosure relates to a light emitting display
device, and more particularly, to a display device 1n which
an external visibility of a crack detecting line 1s minimized.

Description of the Related Art

As the mnformation society develops, demands for display
devices which display images 1s increasing and various
types of display devices such as a liquid crystal display
device or an organic light emitting display device are
utilized.

In order to provide more various functions to users, the
display device recognizes a touch on a display panel of a
user and may perform input processing based on the recog-
nized touch. For example, a plurality of touch electrodes
may be disposed 1n a display area of a display panel. Further,
the display device may sense the touch by sensing change in
a capacitance of the touch electrode generated by the touch
of the user.

A display area of the display panel in which the touch
clectrodes are disposed may have various shapes and 1n
some cases, an area where a module such as a camera sensor
or a proximity sensor 1s disposed may be located in the
display area. Further, the area where the sensor 1s disposed
may be disposed in the form of a hole 1n the display area.

As described above, when a hole 1in which the sensor 1s
disposed 1s located 1n the display area, a part of the touch
clectrode disposed 1n a peripheral area of the hole or a wiring
line for connecting the touch electrode may pass through an
area where the hole 1s disposed. Accordingly, there may be
a lot of difliculties to dispose a touch electrode or a wiring
line for connecting the touch electrode 1n a peripheral area
of the hole located 1n the display area.

SUMMARY

An object to be achieved by the present disclosure 1s to
provide a display device 1n which an external visibility of a
crack detecting electrode 1s improved.

Another object to be achieved by the present disclosure 1s
to provide a display device 1n which an external visibility of
a touch connection electrode 1s minimized.

Objects of the present disclosure are not limited to the
above-mentioned objects, and other objects, which are not
mentioned above, can be clearly understood by those skilled
in the art from the following descriptions.

In order to achieve the above-described object, according
to an aspect of the present disclosure, a display device
includes a substrate including a camera area in which a
camera 1s disposed, a display area which surrounds the
camera area and includes a plurality of sub pixels, and a
non-display area located at the outer periphery of the display
area; a plurality of touch electrodes disposed in the display
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area; a touch connection electrode which connects two
adjacent touch electrodes which are spaced apart from each

other, among the plurality of touch electrodes; and a crack
detecting electrode which surrounds the camera area and 1s
disposed on the same layer as the plurality of touch elec-
trodes, the plurality of touch electrodes include a plurality of
first touch electrodes extending in a first direction and a
plurality of second touch electrodes extending 1n a second
direction intersecting the first direction, wherein the crack
detecting electrode includes a first crack detecting electrode
which surrounds the camera area and a second crack detect-
ing e¢lectrode which 1s disposed in the display area and
extends 1n the second direction, and the second crack
detecting electrode has a zigzag pattern.

In order to achieve the above-described object, according
to another aspect of the present disclosure, a display device
includes a substrate including a camera area in which a
camera 1s disposed, a display area which surrounds the
camera area and includes a plurality of sub pixels, and a
non-display area located at the outer periphery of the display
area; an encapsulation unit which covers the display area; a
plurality of first touch electrodes and a plurality of second
touch electrodes disposed on the encapsulation unit to
intersect 1n diflerent directions; a touch connection electrode
which connects two adjacent first touch electrodes among
the plurality of first touch electrodes; and a crack detecting
clectrode which surrounds the camera area and 1s disposed
on the same layer as the plurality of first touch electrodes
and the plurality of second touch electrode, the crack detect-
ing electrode includes a first crack detecting electrode which
surrounds the camera area and a second crack detecting
clectrode which 1s disposed in the display area and extends
in the second direction, and the second crack detecting
clectrode has a zigzag pattern.

Other detailed matters of the exemplary embodiments are
included 1n the detailed description and the drawings.

According to the present disclosure, the external visibility
of the crack detecting electrode may be improved by form-
ing an edge of the crack detecting electrode having a mesh
pattern so as to correspond to the touch electrode.

According to the present disclosure, the touch connection
clectrodes are regularly disposed to minimize the external
visibility of the crack detecting electrode or the touch
connection electrode.

The eflects according to the present disclosure are not
limited to the contents exemplified above, and more various
ellects are icluded in the present specification.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and other advan-
tages of the present disclosure will be more clearly under-
stood from the following detailed description taken 1n con-
junction with the accompanying drawings, in which:

FIG. 1 1s a diagram 1llustrating a schematic configuration
of a display device according to an exemplary embodiment
of the present disclosure;

FIG. 2 1s a view 1llustrating a display device according to
an exemplary embodiment of the present disclosure;

FIG. 3 1s an exemplary view of a touch panel 1n a display
device according to an exemplary embodiment of the pres-
ent disclosure;

FIG. 4 1s a cross-sectional view taken along IV-IV' of FIG.
3;

FIG. 5 1s an enlarged view of an area A of FIG. 2;

FIG. 6 1s a cross-sectional view taken along the line

VI-VI' of FIG. §;
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FIG. 7 1s an enlarged view of an area B of FIG. 5;
FIG. 8 1s a cross-sectional view taken along the line
VIII-VIIT' of FIG. §;

FIG. 9 1s a cross-sectional view taken along the line
VIII-VIIIT of FIG. §; and

FIG. 10 1s an enlarged view of a display device according,
to another exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION OF TH.
EMBODIMENT

(L]

The advantages and features of the present disclosure, and
methods for accomplishing the same will be more clearly
understood from exemplary embodiments described below
with reference to the accompanying drawings. However, the
present disclosure 1s not limited to the following exemplary
embodiments but may be implemented 1n various different
forms. The exemplary embodiments are provided only to
complete disclosure of the present disclosure and to fully
provide a person with ordinary skill in the art to which the
present disclosure pertains with the category of the present
disclosure, and the present disclosure will be defined by the
appended claims.

The shapes, dimensions, ratios, angles, numbers, and the
like 1llustrated 1n the accompanying drawings for describing
the exemplary embodiments of the present disclosure are
merely examples, and the present disclosure 1s not limited
thereto. Like reference numerals generally denote like ele-
ments throughout the specification. Further, 1n the following,
description of the present disclosure, a detailed explanation
of known related technologies may be omitted to avoid
unnecessarily obscuring the subject matter of the present
disclosure. The terms such as “including,” “having,” and
“consist of” used heremn are generally intended to allow
other components to be added unless the terms are used with
the term “only”. Any references to singular may include
plural unless expressly stated otherwise.

Components are interpreted to include an ordinary error
range even 1 not expressly stated.

When the position relation between two parts 1s described
using the terms such as “on”, “above”, “below”, and “next”,
one or more parts may be positioned between the two parts
unless the terms are used with the term “immediately” or
“directly”.

When an element or layer is referred to as being “on”
another element or layer, it may be directly on the other
clement or layer, or mtervening elements or layers may be
present.

Although the terms “first”, “second”, and the like are used
for describing various components, these components are
not confined by these terms. These terms are merely used for
distinguishing one component from the other components.
Therefore, a first component to be mentioned below may be
a second component 1n a technical concept of the present
disclosure.

Throughout the whole specification, the same reference
numerals denote the same elements.

Since the dimensions and thickness of each component
illustrated in the drawings are represented for convenience
in explanation, the present disclosure 1s not necessarily
limited to the illustrated dimensions and thickness of each
component.

The features of various embodiments of the present
disclosure can be partially or entirely coupled to or com-
bined with each other and can be interlocked and operated
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in technically various ways, and the embodiments can be
carried out independently of or in association with each
other.

Hereinatter, various exemplary embodiments of the pres-
ent disclosure will be described 1n detail with reference to
the accompanying drawings.

FIG. 1 1s a diagram 1illustrating a schematic configuration
of a display device according to an exemplary embodiment
of the present disclosure. FIG. 2 1s a view illustrating a
display device according to an exemplary embodiment of
the present disclosure. FIG. 1 1s a system diagram of a
display device.

Retferring to FIG. 1, a display device includes a display
panel DISP in which a plurality of data lines and a plurality
of gate lines are disposed and a plurality of sub pixels
defined by the plurality of data lines and the plurality of gate
lines are disposed, a data driving circuit DDC which drives
the plurality of data lines, a gate driving circuit GDC which
drives the plurality of gate lines, and a display controller
DCTR which controls operations of the data driving circuit
DDC and the gate driving circuit GDC.

Each of the data driving circuit DDC, the gate driving
circuit GDC, and the display controller DCTR may be
implemented by one or more individual components. In
some cases, two or more of the data driving circuit DDC, the
gate driving circuit GDC, and the display controller DCTR
may be implemented to be combined as one component. For
example, the data driving circuit DDC and the display
controller DCTR may be implemented as one integrated
chuip (IC chip).

In order to provide a touch sensing function, the display
device according to exemplary embodiments of the present
disclosure may include a touch panel TSP and a touch
sensing circuit TSC. The touch panel TSP includes a plu-
rality of touch electrodes. The touch sensing circuit TSC
supplies a touch driving signal to the touch panel TSP and
detects a touch sensing signal from the touch panel TSP to
sense the presence of a touch of a user or a touch position
(touch coordinate) 1n the touch panel TSP based on the
detected touch sensing signal.

For example, the touch sensing circuit TSC may include
a touch driving circuit TDC and a touch controller TCTR.
The touch driving circuit TDC supplies a touch driving
signal to the touch panel TSP and detects a touch sensing
signal from the touch panel TSP. The touch controller TCTR
senses the presence of a touch of a user and/or a touch
position in the touch panel TSP based on the touch sensing
signal detected by the touch driving circuit TDC.

The touch drniving circuit TDC may 1nclude a first circuit
part which supplies the touch driving signal to the touch
panel TSP and a second circuit part which detects the touch
sensing signal from the touch panel TSP.

The touch driving circuit TDC and the touch controller
TCTR may be implemented by separate components or in
some cases, may be implemented to be combined as one
component.

In the meantime, each of the data driving circuit DDC, the
gate driving circuit GDC, and the touch driving circuit TDC
may be implemented by one or more integrated circuits.
From the viewpoint of electrical connection with the display
panel DISP, the circuits may be implemented by a chip on
glass (COGQG) type, a chip on film (COF) type, a tape carrier
package (TCP) type, or the like. Further, the gate driving
circuit GDC may also be implemented by a gate in panel

(GIP) type.
In the meantime, each of circuit configurations DDC,

GDC, and DCTR for drniving the display panel DISP and
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circuit configurations TDC and TCTR {for touch sensing may
be implemented by one or more individual components. In
some cases, one or more ol circuit configurations DDC,
GDC, and DCTR {for display driving and one or more of
circuit configurations TDC and TCTR for touch sensing are
functionally integrated to be implemented by one or more
components.

For example, the data driving circuit DDC and the touch
driving circuit TDC may be implemented to be integrated 1n
one or two or more integrated circuit chips. When the data
driving circuit DDC and the touch driving circuit TDC are
implemented to be integrated in two or more integrated
circuit chips, each of the two or more integrated circuit chips
may have a data dnving function and a touch drniving
function.

In the meantime, the display device according to the
exemplary embodiments of the present disclosure may be
various types such as an organic light emitting display
device or a liquid crystal display device. In the following
description, for the convenience of description, it will be
described that the display device with an integrated touch
screen 1s an organic light emitting display device as an
example. That 1s, even though the display panel DISP may
be various types such as an organic light emitting display
panel or a liquid crystal display panel, in the following
description, for the convenience of description, 1t will be
described that the display panel DISP 1s an organic light
emitting display panel as an example.

The touch panel TSP may include a plurality of touch
clectrodes which are applied with a touch driving signal or
detect a touch sensing signal therelfrom and a plurality of
touch routing lines which connect the plurality of touch
clectrodes to the touch driving circuit TDC.

The touch panel TSP may be provided at the outside of the
display panel DISP. For example, the touch panel TSP and
the display panel DISP may be separately manufactured to
be combined. Such a touch panel TSP is called an external
type or an add-on type, but 1s not limited to this terminology.

The touch panel TSP may be embedded in the display
panel DISP. For example, when the display panel DISP 1s
manufactured, a touch sensor structure such as a plurality of
touch electrodes and a plurality of touch routing lines which
configure a touch panel TSP may be formed together with
clectrodes and signal lines for driving the display device.
Such a touch panel TSP 1s called an embedded type, but 1s
not limited to this terminology. Hereinafter, for the conve-
nience of description, 1t 1s assumed that the touch panel TSP
1s an embedded type, but the touch panel TSP 1s not limited
thereto.

Referring to FIG. 2, the display panel DISP includes a
camera area CA in which the plurality of sub pixels SP are
not disposed, but a camera 1s disposed, a display area AA
which surrounds the camera area CA and has a plurality of
sub pixels SP disposed therein, and a non-display area NA
which 1s disposed 1n the outer periphery of the display area
AA.

In the display area AA, a plurality of sub pixels SP for
image displaying 1s disposed and various electrodes or
signal lines for display driving may be disposed.

Further, 1n the display area AA, a plurality of touch
clectrodes for touch sensing and a plurality of touch routing
lines electrically comnected thereto may be disposed.
Accordingly, the display area AA may also be referred to as
a touch sensing area which 1s capable of sensing the touch.

In the non-display area NA, no image 1s displayed and
wiring lines and circuit units may be formed. For example,
in the non-display area NA, a plurality of pads may be
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disposed and the pads may be connected to the plurality of
sub pixels SP of the display areas AA, respectively.

Further, 1n the non-display area NA of the display panel
DISP, link lines extending from a plurality of touch routing
lines disposed 1n the display area AA or link lines which are
clectrically connected to a plurality of touch routing lines
disposed in the display areca AA, and pads which are
clectrically connected to the link lines may be disposed. The
pads disposed in the non-display area NA may be bonded or
clectrically connected with the touch driving circuit TDC.

In the non-display area NA, a part of an outermost touch
clectrode among a plurality of touch electrodes disposed 1n
the display area AA expands or one or more electrodes
(touch electrodes) formed of the same material as the
plurality of touch electrodes disposed 1n the display area AA
may be further disposed.

For example, all the plurality of touch electrodes disposed
in the display panel DISP may be disposed in the display
area AA or some (for example, an outermost touch elec-
trode) among the plurality of touch electrodes disposed in
the display panel DISP may be disposed 1n the non-display
area NA. Some (for example, an outermost touch electrode)
among the plurality of touch electrodes disposed in the
display panel DISP may be disposed in both the display area
AA and the non-display area NA.

FIG. 3 1s an exemplary view of a touch panel 1n a display
device according to an exemplary embodiment of the pres-
ent disclosure. In FIG. 3, for the convenience of description,
among various configurations of the display device 100,
only an encapsulation unit ENCAP, a touch electrode TE, a
routing line TL, and a touch pad TP are illustrated.

On the encapsulation umt ENCAP, a plurality of first
touch electrode lines X-TEL and a plurality of second touch
clectrode lines Y-TEL are disposed. Each of the plurality of
first touch electrode lines X-TEL 1s disposed in a first
direction X and each of the plurality of second touch
clectrode lines Y-TEL may be disposed 1n a second direction
Y intersecting the first direction X.

Each of the plurality of first touch electrode lines X-TEL
includes a plurality of first touch electrodes X-TE which are
clectrically connected, and each of the plurality of second
touch electrode lines Y-TEL includes a plurality of second
touch electrodes Y-TE which are electrically connected.

The plurality of first touch electrodes X-TE which con-
figure the plurality of first touch electrode lines X-TEL may
be driving touch electrodes and the plurality of second touch
clectrodes Y-TE which configure the plurality of second
touch electrode lines Y-TEL may be sensing touch elec-
trodes and vice versa.

The plurality of touch routing lines TL may include at
least one first-touch routing line X-TL connected to each of
the plurality of first touch electrode lines X-TEL and at least
one second touch routing line Y-TL connected to each of the
plurality of second touch electrode lines Y-TEL.

Retferring to FIG. 3, each of the plurality of first touch
clectrode lines X-TEL may include a plurality of first touch
clectrodes X-TE disposed in the same row (or column) and
at least one first touch connection electrode X-CL which
clectrically connects the plurality of first touch electrodes.
Each of the plurality of second touch electrode lines Y-TEL
may include a plurality of second touch electrodes Y-TE
disposed 1 the same column (or row) and at least one
second touch connection electrode Y-CL which electrically
connects the plurality of second touch electrodes.

In FIG. 3, the first touch connection electrode X-CL
which connects adjacent two first touch electrodes X-TE 1s
metal which 1s connected to two adjacent first touch elec-
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trodes X-TE through a contact hole. Further, the second
touch connection electrode Y-CL which connects adjacent
two second touch electrodes Y-TE 1s metal which 1s inte-
grated with two adjacent second touch electrodes Y-TE, but
it 1s not limited thereto.

In a region (a touch electrode line intersecting region)
where the first touch electrode line X-TEL and the second
touch electrode line Y-TEL intersect, the first touch connec-
tion electrode X-CL and the second touch connection elec-
trode Y-CL may intersect. When the first touch connection
electrode X-CL and the second touch connection electrode
Y-CL intersect in the touch electrode line intersecting
region, the first touch connection electrode X-CL and the
second touch connection electrode Y-CL need to be located
on different layers.

Each of the plurality of first touch electrode lines X-TEL
1s electrically connected to a corresponding first touch pad
X-TP by means of one or more {irst touch routing lines
X-TL. For example, a first touch electrode X-TE which 1s
disposed at the outermost side, among the plurality of {first
touch electrodes X-TE included 1n one first touch electrode
line X-TEL, 1s electrically connected to a corresponding first
touch pad X-TP by means of the first touch routing line
X-TL. Each of the plurality of second touch electrode lines
Y-TEL 1s electrically connected to a corresponding second
touch pad Y-TP by means of one or more second touch
routing lines Y-TL. For example, a second touch electrode
Y-TE which 1s disposed at the outermost side, among the
plurality of second touch electrodes Y-TE included in one
second touch electrode line Y-TEL, 1s electrically connected
to a corresponding second touch pad Y-TP by means of the
second touch routing line Y-TL.

Each of the plurality of first touch routing lines X-TL
which 1s electrically connected to the plurality of first touch
clectrode lines X-TEL may extend to a portion where the
encapsulation umt ENCAP 1s not provided while being
disposed on the encapsulation umit ENCAP to be electrically
connected to the plurality of first touch pads X-TP. Each of
the plurality of second touch routing lines Y-TL which 1s
clectrically connected to the plurality of second touch elec-
trode lines Y-TEL may extend to a portion where the
encapsulation unit ENCAP 1s not provided while being
disposed on the encapsulation umit ENCAP to be electrically
connected to the plurality of second touch pads Y-TP. Here,
the encapsulation unit ENCAP may be located in the display
area AA and 1n some cases, may extend to the non-display
area NA.

FI1G. 4 15 a cross-sectional view taken along IV-IV' of FIG.
3.

Referring to FIG. 4, when the touch panel TSP 1s embed-
ded 1n the display panel DISP and the display panel DISP 1s
implemented as an organic light emitting display panel, the
touch panel TSP may be located on the encapsulation unit
ENCAP in the display panel DISP. In other words, the
plurality of touch electrodes TE may be located on the
encapsulation layer ENCAP 1n the display panel DISP.

The first transistor T1 which 1s a driving transistor in each
sub pixel SP 1n the display area AA 1s disposed on the
substrate SUB.

The first transistor T1 includes a first node electrode NE1
corresponding to a gate electrode, a second node electrode
NE2 corresponding to a source electrode or a drain elec-
trode, a third node electrode NE3 corresponding to a drain
clectrode or a source electrode, and a semiconductor layer
SEMI.

The first node electrode NE1 and the semiconductor layer
SEMI may overlap with a gate insulating layer GI therebe-
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tween. The second node electrode NE2 1s formed on an
insulating layer INS to be in contact with one side of the
semiconductor layer SEMI and the third node electrode NE3
1s formed on the insulating layer INS to be in contact with
the other side of the semiconductor layer SEMI.

The light emitting diode ED may include a first electrode
E1l corresponding to an anode electrode (or a cathode
clectrode), an emission layer EL formed on the first elec-
trode F1, and a second electrode E2 corresponding to a
cathode electrode (or an anode electrode) formed on the
emission layer EL.

The first electrode E1 1s electrically connected to the
second node electrode NE2 of the first transistor T1 which
1s exposed through a pixel contact hole which passes
through the planarization layer PLN.

The emission layer EL 1s formed on the first electrode EL
of the emission area provided by the bank BANK. The
emission layer ELL may be formed by laminating a hole
related layer, an emission layer, and an electron related layer
on the first electrode EL 1n this order or 1n a reverse order.
The second electrode E2 1s disposed to be opposite to the
first electrode E1 with the emission layer EL therebetween.

The encapsulation unit ENCAP blocks moisture or oxy-
gen from the outside from permeating 1nto the light emitting
diode ED which 1s vulnerable to the moisture or oxygen
from the outside.

Such an encapsulation unit ENCAP may be formed as one
layer or as 1llustrated 1n FI1G. 9, may be formed by a plurality
of layers PAS1, PCL, and PAS2.

For example, when the encapsulation unit ENCAP 1s
formed of a plurality of layers PAS1, PCL, and PAS2, the
encapsulation unit ENCAP may include one or more 1nor-
ganic encapsulation layers PAS1 and PAS2 and one or more
organic encapsulation layer PCL. As a specific example, the
encapsulation unit ENCAP may have a structure 1n which a
first inorganic encapsulation layer PAS1, an organic encap-
sulation layer PCL, and a second inorganic encapsulation
layer PAS2 are sequentially laminated.

Here, the organic encapsulation layer PCL may further
include at least one organic encapsulation layer or at least
one inorganic encapsulation layer.

The first inorganic encapsulation layer PAS1 1s formed on
the substrate SUB on which the second electrode E2 corre-
sponding to the cathode electrode 1s formed so as to be most
adjacent to the light emitting diode ED. The first inorganic
encapsulation layer PAS1 1s formed of an inorganic insu-
lating material on which low-temperature deposition 1is
allowed, such as silicon nitride SiNx, silicon oxide S10x,
s1licon oxynitride S10ON, or aluminum oxide Al1203, but 1t 1s
not limited thereto. Since the first morganic encapsulation
layer PAS1 1s deposﬂed in a low temperature atmosphere,
the first 1norganic encapsulatlon layer PAS1 may suppress
the damage of the emission layer EL including an organic
material which 1s vulnerable to a high temperature atmo-
sphere during a deposition process.

The organic encapsulation layer PCL may be formed to
have a smaller area than the first inorganic encapsulation
layer PAS1 and 1n this case, the organic encapsulation layer
PCL may be formed to expose both ends of the first
inorganic encapsulation layer PAS1. The organic encapsu-
lation layer PCL may serve as a buller which relieves a stress
between layers due to the bending of the display device with
an 1ntegrated touch screen which 1s an organic light emitting
display device and also serve to enhance a planarization
performance. The organic encapsulation layer PCL may be
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formed of an organic insulating material, such as acrylic
resin, epoxy resin, polyimide, polyethylene, or silicon oxy
carbon (S10C).

The organic encapsulation layer PCL may be formed by
an mkjet method. When the organic encapsulation layer PCL
1s formed by the mnkjet method, at least one dam DAM may
be formed 1n a boundary area of the non-display area NA and
the display area AA or 1n a partial area in the non-display
areca NA.

For example, as 1llustrated in FIG. 4, a first primary dam
DAMI1 which 1s located between a pad area in which the
plurality of first touch pads X-TP and the plurality of second
touch pads Y-TP in the non-display area and the display area
AA and 1s adjacent to the display area AA and a secondary
dam DAM2 adjacent to the pad area may be disposed.

One or more dams DAM may suppress the liquid type
organic encapsulation layer PCL from flowing to the non-
display area NA to mvade the pad area until a liqud type
organic encapsulation layer PCL 1s dropped 1n the display
area AA and then hardened.

The primary dam DAMI1 and/or the secondary dam
DAM2 may be formed with a single layer or multi-layered
structure. For example, the primary dam DAMI1 and/or the
secondary dam DAM2 may be formed simultaneously with
the same material as at least one of the bank BANK and the
spacer (not illustrated). In this case, the dam structure may
be formed without having the mask adding process and
increasing the cost.

Further, the primary dam DAMI1 and/or the secondary
dam DAM2 may be formed with a structure 1n which a {first
inorganic encapsulation layer PAS1 and/or a second 1nor-
ganic encapsulation layer PAS2 are laminated on the bank
BANK.

Further, the organic encapsulation layer PCL including an
organic matenal, as illustrated in FIG. 5, may be located
only on an inner surface of the primary dam DAMI.

In contrast, the organic encapsulation layer PCL including
an organic material may also be located above at least a part
of the primary dam DAMI1 and the secondary dam DAM?2.
For example, the organic encapsulation layer PCL may be
located above the primary dam DAMI.

The second inorganic encapsulation layer PAS2 may be
formed on the substrate SUB on which the organic encap-
sulation layer PCL 1s formed so as to cover an upper surface
and a side surface of the organic encapsulation layer PCL
and the first inorganic encapsulation layer PAS1. The second
inorganic encapsulation layer PAS2 may minimize or block
the permeation of the external moisture or oxygen into the
first 1mnorganic encapsulation layer PAS1 and the organic
encapsulation layer PCL. The second inorganic encapsula-
tion layer PAS2 1s formed of an inorganic insulating mate-
rial, such as silicon nitride SiNx, silicon oxide S10x, silicon
oxynitride S10N, or aluminum oxide Al203, but 1t 1s not
limited thereto.

A touch buffer layer T-BUF may be disposed on the
encapsulation unit ENCAP. The touch bufier layer T-BUF
may be located between a touch sensor metal including
second touch electrodes X-TE and Y-TE and second touch
connection electrodes X-CL and Y-CL and the second elec-
trode E2 of the light emitting diode ED.

The touch bufler layer T-BUF may be designed to main-
tain a distance between the touch sensor metal and the
second electrode E2 of the light emitting diode ED to a
predetermined minimum distance (for example, 1 m).
Accordingly, the touch bufler layer T-BUF may reduce or
suppress parasitic capacitance formed between the touch
sensor metal and the second electrode E2 of the light
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emitting diode ED to suppress the touch sensitivity degra-
dation due to the parasitic capacitance.

The touch sensor metal including the plurality of touch
clectrodes X-TE and Y-TE and the plurality of touch con-
nection electrodes X-CL and Y-CL may be disposed on the
encapsulation unit ENCAP without providing the touch
bufler layer T-BUF.

Further, the touch bufler layer T-BUF may suppress the
permeation of a chemical solution (a developer or an
etchant) used for a manufacturing process of a touch sensor
metal disposed on the touch bufler layer T-BUF or moisture
from the outside into the emission layer EL including an
organic material. By doing this, the touch bufler layer
T-BUF may suppress the damage of the emission layer EL
which 1s vulnerable to chemical solutions or moisture.

The touch bufler layer T-BUF may be formed of an
organic insulating material which 1s formed at a temperature
lower than a predetermined temperature (for example, 100°
C.) to suppress the damage of the emission layer EL
including an organic material which 1s vulnerable to a high
temperature. The organic insulating material has a low
permittivity of 1 to 3. For example, the touch buifler layer
T-BUF may be formed of acrylic, epoxy, or siloxane based
material, but it 1s not limited thereto. The touch bufler layer
T-BUF which 1s formed of an organic insulating material
and has a planarization performance may suppress the
damage of the encapsulation layers PAS1, PCL, and PAS2
which configure the encapsulation unit ENCAP 1n accor-
dance with the bending of the organic light emitting display
device. Further, the touch bufler layer T-BUF may suppress
the crack of the touch sensor metal formed on the touch
bufler layer T-BUF.

According to a mutual-capacitance based touch sensor
structure, the first touch electrode line X-TEL and the second
touch electrode line Y-TEL are disposed on the touch bufler
layer T-BUF and the first touch electrode line X-TEL and the
second touch electrode line Y-TEL may be disposed to
intersect each other.

The second touch electrode line Y-TEL may include a
plurality of second touch electrodes Y-TE and a plurality of
second touch connection electrodes Y-CL which electrically
connect the plurality of second touch electrodes Y-TE.

Referring to FIGS. 3 and 4 together, the plurality of
second touch electrodes Y-TE may be spaced apart from
cach other with a regular interval along the second direction
Y. Each of the plurality of second touch electrodes Y-TE
may be electrically connected to another second touch
clectrode Y-TE adjacent thereto in the second direction Y
through the second touch connection electrode Y-CL.

The second touch connection electrode Y-CL 1s disposed
on the same plane as the second touch electrode Y-TE to be
clectrically connected to two second touch electrodes Y-TE
adjacent 1n the second direction Y without a separate contact
hole or mtegrated with two second touch electrodes Y-TE
adjacent 1n the second direction Y.

The second touch connection electrode Y-CL may be
disposed so as to overlap the bank BANK. Accordingly, the
degradation of an aperture rate due to the second touch
connection electrode Y-CL may be suppressed.

The touch electrode line X-TEL may include a plurality of
first touch electrodes X-TE and a plurality of first touch
connection electrodes X-CL which electrically connect
between the plurality of first touch electrodes X-TE.

The plurality of first touch electrodes X-TE may be
spaced apart from each other along a first direction X with
a regular interval on the touch msulating layer ILD. Each of
the plurality of first touch electrodes X-TE may be electri-
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cally connected to another first touch electrode X-TE adja-
cent thereto 1n the first direction X through the first touch
connection electrode X-CL.

Referring to FIG. 4, the plurality of first touch electrodes
X-TE and the plurality of first touch connection electrodes
X-CL may be located on diflerent layers with the touch
insulating layer ILD therebetween. The first touch connec-
tion electrode X-CL 1s formed on the touch bufler layer
T-BUF and 1s exposed through a touch contact hole which
passes through the touch insulating layer ILD to be electri-
cally connected to two first touch electrodes X-TE adjacent
in the first direction X.

The first touch connection electrode X-CL may be dis-
posed so as to overlap the bank BANK. Accordingly, the
degradation of an aperture rate due to the first touch con-
nection electrode X-CL may be suppressed.

In the meantime, the second touch electrode line Y-TEL
may be electrically connected to the touch driving circuit
TDC by means of the second touch routing line Y-TL and the
second touch pad Y-TP. Similarly, the first touch electrode
line X-TEL may be electrically connected to the touch
driving circuit TDC by means of the first touch routing line
X-TL and the first touch pad X-TP.

A pad cover electrode which covers the first touch pad
X-TP and the second touch pad Y-TP may be further
disposed.

The first touch pad X-TP may be separately formed from
the first touch routing line X-TL or may be formed by
extending the first touch routing line X-TL. The second
touch pad Y-TP may be separately formed from the second
touch routing line Y-TL or may be formed by extending the
second touch routing line Y-TL.

When the first touch pad X-TP 1s formed by extending the
first touch routing line X-TL and the second touch pad Y-TP
1s formed by extending the second touch routing line Y-TL,
the first touch pad X-TP, the first touch routing line X-TL,
the second touch pad Y-TP, and the second touch routing line
Y-TL may have the same first conductive material. Here, for
example, the first conductive material may be formed to
have a single layer or a multi-layered structure using a metal
having high corrosion resistance, acid resistance, and good
conductivity such as alumimnum (Al), titantum (T1), copper
(Cu), or molybdenum (Mo), but 1s not limited thereto.

For example, the first touch pad X-TP, the first touch
routing line X-TL, the second touch pad Y-TP, and the
second touch routing line Y-TL which are formed of the first
conductive material may be formed with a triple-layered
structure such as titantum (T1)/aluminum (Al)/titanium (11)
or molybdenum (Mo)/aluminum (Al)/molybdenum (Mo),
but are not limited thereto.

The pad cover electrode which covers the first touch pad
X-TP and the second touch pad Y-TP may be configured
with a second conductive material which 1s the same mate-
rial as the first and second touch electrodes X-TE and Y-TE.
Here, the second conductive material may be formed of a
transparent conductive material having a strong corrosion
resistance and acid resistance such as indium tin oxide (ITO)
or indium zinc oxide (IZ0O). Such a pad cover electrode 1s
formed to be exposed by the touch bufler layer T-BUF to be
bonded with the touch driving circuit TDC or bonded with
a circuit {ilm in which the touch driving circuit TDC 1s
mounted.

The touch bufler layer T-BUF 1s formed to cover the touch
sensor metal to suppress the corrosion of the touch sensor
metal due to the moisture from the outside. For example, the
touch bufler layer T-BUF may be formed of an organic

insulating material or formed in the form of a circular
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polarizer or an epoxy or acrylic film. Such a touch bufler
layer T-BUF may not be provided on the encapsulation unit
ENCAP. For example, the touch bufler layer T-BUF may be
omitted depending on the structure of the display device.

The second touch routing line Y-TL may be electrically
connected to the second touch electrode Y-TE through a
touch routing line contact hole or may be integrally formed
with the second touch electrode Y-TE.

Such a second touch routing line Y-TL extends to the
non-display area NA and passes through an upper portion
and a side surface of the encapsulation unit ENCAP and an
upper portion and a side surface of the dam DAM to be
clectrically connected to the second touch pad Y-TP. Accord-
ingly, the second touch routing line Y-TL may be electrically
connected to the touch driving circuit TDC by means of the
second touch pad Y-TP.

The second touch routing line Y-TL may transmit a touch
sensing signal from the second touch electrode Y-TE to the
touch driving circuit TDC or may be supplied with the touch
driving signal from the touch driving circuit TDC to transmit
the touch driving signal to the second touch electrode Y-TE.

The first touch routing line X-TL may be electrically
connected to the first touch electrode X-TE through a touch
routing line contact hole or may be integrally formed with
the first touch electrode X-TE.

The first touch routing line X-TL extends to the non-
display area NA and passes through an upper portion and a
side surface of the encapsulation unit ENCAP and an upper
portion and a side surface of the dam DAM to be electrically
connected to the first touch pad X-TP. Accordingly, the first
touch routing line X-TL may be electrically connected to the
touch drniving circuit TDC by means of the first touch pad
X-TP.

The first touch routing line X-TL may be supplied with
the touch driving signal from the touch driving circuit TDC
to transmit the touch driving signal to the first touch elec-
trode X-TE or may transmit a touch sensing signal from the
first touch electrode X-TE to the touch driving circuit TDC.

The placement of the first touch routing line X-TL and the
second touch routing line Y-TL may be changed 1n various
manners depending on a panel design specification.

A touch protection layer PAC may be disposed on the first
touch electrode X-TE and the second touch electrode Y-TE.
The touch protection layer PAC extends before or after the
dam DAM to be disposed also on the first touch routing line
X-TL and the second touch routing line Y-TL.

FIG. 5 1s an enlarged view of an area A of FIG. 2. FIG.
6 1s a cross-sectional view taken along the line VI-VI' of
FIG. 5. FIG. 7 1s an enlarged view of an area B of FIG. 5.
FIG. 8 1s a cross-sectional view taken along the line VIII-

VIIT' of FIG. 5. FIG. 9 15 a cross-sectional view taken along
the line VIIII-VIIIT of FI1G. 5. FIG. 5 1s a view schematically

[

illustrating a touch electrode TE.

Reterring to FIG. 5, the display area AA includes a camera
areca CA. The camera area CA may include an opening area
CA1 which passes through the substrate SUB and a bound-
ary area CA2 1n the outer periphery of the opening area OA,
for example, between the display area AA and the opening
areca CAl. The encapsulation unit ENCAP may cover the
display area AA and the boundary area CA2 and a plurality
of first touch electrodes X-TE extending 1n a first direction
X and a plurality of second touch electrodes Y-TE extending
in a second direction Y may be disposed on the encapsula-
tion unit ENCAP.

The plurality of first touch electrodes X-TE include a
plurality of touch blocks X-TB. For example, the plurality of
first touch electrodes X-TE are gathered to form one block
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unit. Each of the plurality of touch blocks X-TB may be
spaced apart from each other on the same plane. At this time,
an area between the plurality of touch blocks X-TB 1s an
area 1n which a plurality of first touch connection electrodes
X-CL are and 1s referred to as a connection unit CLP.
Even though in FIG. 5, 1t 1s 1llustrated 1n two first touch
connection electrodes X-CL which electrically connect two
different touch blocks X-TB adjacent to each other in the
first direction X are disposed in each connection umt CLP,

the number of first touch connection electrodes X-CIL. 1s not

limited thereto.

Referring to FIG. 6, the first touch connection electrodes
X-CL 1s not disposed on the same plane as the plurality of
touch blocks X-TB and electrically connects two first touch
clectrodes X-TE adjacent to each other through a contact
hole with a touch insulating layer ILD therebetween. The
first touch connection electrode X-CL may be disposed
below the plurality of touch electrodes TE, but may also be
disposed above the plurality of touch electrodes.

Referring back to FIG. 5, the plurality of second touch
clectrodes Y-TE are disposed in a remaining area excluding
an area 1n which the plurality of touch blocks X-TB are
disposed and the camera area CA. The plurality of second
touch electrodes Y-TE adjacent to the camera area CA,
among the plurality of second touch electrodes Y-TE, may
correspond to a rounded shape of the camera area CA.

The second touch connection electrode Y-CL 1s disposed
on the same plane as the second touch electrode Y-TE to be
electrlcally connected to two second touch electrodes Y-TE
adjacent 1n the second direction Y without a separate contact
hole or integrated with two second touch electrodes Y-TE
adjacent 1n the second direction Y.

Referring to FIGS. 5 and 6 together, the second touch
connection electrode Y-CL extending in the second direction
Y may be disposed 1n an area overlapping the first touch
connection electrode X-CL extending 1n the first direction X.
For example, the first touch connection electrode X-CL and
the second touch connection electrode Y-CL are not dis-
posed on the same layer, but may be insulated from each
other with the touch insulating layer ILD therebetween.

A crack detecting electrode CDE may be disposed 1n the
boundary area CA2 between the opening area CA1l and the
touch block X-TB. The crack detecting electrode CDE may
be disposed on the same layer as the plurality of touch
clectrodes TE. The crack detecting electrode CDE 1s 1nsu-
lated from the plurality of touch electrodes TE and at least
some may be disposed on the same layer as the plurality of
touch electrodes TE.

The crack detecting electrode CDE 1s disposed between
an outer periphery of the opening area CAl and an area 1n
which the touch electrode TE 1s disposed to detect a crack
which may be caused during a process of forming the
opening area CAl.

The crack detecting electrode CDE may include a first
crack detecting electrode CDE1 enclosing the camera area
CA and a second crack detecting electrode CDE2 which 1s
disposed 1n the display area AA and extends in the second
direction Y. The first crack detecting electrode CDE1 and the
second crack detecting electrode CDE2 are disposed on the
same plane to be electrically connected to each other. Even
though not illustrated 1n the drawing, the second crack
detecting electrode CDE2 1s connected to a third crack
detecting electrode to be connected to a pad disposed 1n an
edge of the display panel DISP opposite to an edge of the
display panel DISP adjacent to the camera area CA. The
third crack detecting electrode may be disposed in the
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display area AA and the non-display area NA so as to
enclose the display area AA disposed inside from the camera
arca CA.

When the crack 1s generated 1n the boundary area CA2,
the first crack detecting electrode CDE1 or the second crack
detecting electrode CDE2 are shorted to detect the crack of
the boundary area CA2.

The plurality of touch blocks TB may be divided into a
first touch block X-TB1 adjacent to the camera area CA, a
second touch block X-TB2 adjacent to the second crack
detecting electrode CDE2, and a third touch block X-TB3
which 1s a remaiming touch block excluding the first touch
block X-TB1 and the second touch block X-TB2.

The first touch block X-TB1 is disposed to be adjacent to
the camera area CA so that a part of the first touch block
X-TB1 corresponds to a round shape of the camera area CA.
For example, the first touch block X-TB1 may have a shape
obtained when a part of the third touch block X-TB3 1s cut
by the camera area CA.

The third touch block X-TB3 refers to a touch block

which has a different size from that of the first touch block
X-TB1 and 1s disposed so as not to be adjacent to the camera
area CA and the second crack detecting electrode CDE2. For
example, the plurality of touch blocks TB disposed 1n a
display area AA located inside from a display area AA
adjacent to the camera area CA may be the third touch block
X-TB3.
The second touch block X-TB2 has a size different from
the third touch block X-TB3. The second crack detecting
clectrode CDE2 1s disposed on the same plane as the second
touch block X-TB2 to be disposed between two adjacent
second touch blocks X-TB2 and intersect the first touch
connection electrode X-CL. However, the second crack
detecting electrode CDE2 1s not electrically connected to
any of the touch block TB or the touch connection electrode
CL. In other words, the second crack detecting electrode
CDE2 1s disposed to intersect between at least one third
touch block X-TB3 so that one third touch block X-TB3 may
be changed to two second touch blocks X-TB2 and the
second crack detecting electrode CDE2 1s disposed between
the second touch blocks X-TB2. The first touch connection
clectrode X-CL which electrically connects between the
third touch blocks X-TB3 may be additionally disposed
between the second touch blocks X-TB2 to electrically
connect the second touch blocks X-TB2 disposed on both
ends of the second crack detecting electrodes CDE2.

Referring to FIGS. 7 and 8, the plurality of first touch
clectrodes X-TE are formed with a mesh pattern. For
example, the first touch electrode X-TE may be an electrode
metal EM which 1s patterned to have a mesh type to have
two or more openings OA between two adjacent {irst touch
clectrodes X-TE.

Each of two or more openings OA 1n each touch electrode
TE may correspond to an emission area of one or more sub
pixels SP. For example, the plurality of openings OA may
serve as a path on which light emitted from the plurality of
sub pixels SP disposed therebelow passes.

In order to form a plurality of touch electrodes TE, the
clectrode metal ME i1s broadly formed to be a mesh type and
then the electrode metal EM 1s cut to have a predetermined
pattern to electrically separate the electrode metals EM.
Consequently, a plurality of touch electrodes TE may be
created.

For example, the plurality of touch blocks TB may be
formed by cutting an outer periphery of a pattern corre-
sponding to a touch block shape which 1s the plurality of first

touch electrodes X-TE. Even though in FIG. 5, the touch
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block TB 1s illustrated as a quadrangular shape, various
shapes such as a rhombus, a diamond, a tnangle, and a
pentagon are possible.

Referring to FIG. 7, the plurality of second touch elec-
trodes Y-TE 1s formed with a mesh pattern. For example,
cach second touch electrode may be an electrode metal EM
which 1s patterned to have a mesh type to have two or more
openings OA between adjacent second touch electrodes
Y-TE. Further, the plurality of second touch electrodes Y-TE
are not connected to the plurality of touch blocks TB which
are the plurality of first touch electrodes X-TE so that the
edge of the plurality of second electrodes Y-TE

I'E adjacent to
the plurahty of touch blocks TB may be cut. Accordingly,
the opening 1s also formed between the plurality of second
touch electrodes Y-TE and the plurality of first touch elec-
trodes X-TE.

Referring to FIGS. 7 and 9 together the second crack
detecting electrode CDE2 has a zigzag pattern. The second
crack detecting electrode CDE2 may be an electrode metal
EM having two or more openings OA which 1s disposed
between two adjacent second touch blocks X-TB2 and
patterned as a mesh type similarly to the plurality of touch
clectrodes TE. Here, the second crack detecting electrode
CDE2 1s disposed on the same plane as the plurality of touch
blocks TB so that an edge of the second crack detecting
clectrode CDE2 may have a zigzag pattern corresponding to
the edge of the second touch block X-TB2.

The first touch connection electrode X-CL intersecting the
second crack detecting electrode CDE2 1s disposed so as to
overlap the electrode metal EM of the second crack detect-
ing electrode CDE2. For example, the first touch connection
clectrode X-CL 1s not disposed on the same plane as the
second crack detecting electrode CDE2 or the plurality of
touch electrodes TE so that 1t overlaps the second crack
detecting electrode CDE?2.

Generally, when the crack detecting electrode intersecting,
the touch electrode 1s formed to have a pattern having a
linear shaped edge, there 1s a problem 1n that the cracking
detecting line 1s visible from the outside, unlike the adjacent
touch electrode having a mesh pattern.

In the display device according to the exemplary embodi-
ment of the present disclosure, the shapes of the touch
clectrode and the second crack detecting electrode CDE2 are
unified, so that the external visibility of the second crack
detecting electrode CDE2 may be minimized. Specifically,
the second crack detecting electrode CDE2 1s formed by
cutting along the zigzag shape of the edge of the mesh
pattern formed by the plurality of touch electrodes TE so that
the edge of the second crack detecting electrode CDE2 has
a zigzag shape, to minimize the external visibility of the
second crack detecting electrode CDE2.

FIG. 10 1s an enlarged view of a display device according
to another exemplary embodiment of the present disclosure.
FIG. 10 1s a view schematically 1llustrating a touch electrode
TE. A display device 1000 of FIG. 10 has substantially the
same configurations as the display device 100 of FIGS. 1 to
9 except for a size of a second touch block X-TBE2' and an
arrangement position of a second crack detecting electrode
CDE2', so that a redundant description will be omuitted.

Referring to FIG. 10, the second touch block X-TB2' has
the same size as the third touch block X-TB3. The second
crack detecting electrode CDE2' 1s disposed on the same
plane as the second touch block X-TB2' to be disposed
between two adjacent second touch blocks X-TB2' and
intersect the first touch connection electrode X-CL. The
second crack detecting electrode CDE2' 1s not electrically
connected to any of the touch block TB or the touch
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connection electrode CL. In other words, the second crack
detecting electrode CDE2' does not intersect between at least
one third touch block X-TB3, but may be disposed 1n a
connection unit which 1s an area between adjacent third
touch blocks X-TB3. For example, the second crack detect-
ing electrode CDE2' may be disposed so as to overlap an
area 1 which the first touch connection electrode X-CL
clectrically connecting the adjacent third touch blocks
X-TB3 1s disposed.

Accordingly, 1n the display device 1000 according to
another exemplary embodiment of the present disclosure,
the shapes of the touch electrode TE and the second crack
detecting electrode CDE2' are unified, so that the external
visibility of the second crack detecting electrode CDE2' may
be minimized. Further, the first touch connection electrode
X-CL 1s regularly disposed so that the possibility of the first
touch connection electrode X-CL which 1s visible from the
outside may be minimized.

The exemplary embodiments of the present disclosure can
also be described as follows:

According to an aspect of the present disclosure, a display
device includes a substrate including a camera area 1n which
a camera 1s disposed, a display area which surrounds the
camera area and includes a plurality of sub pixels, and a
non-display area located at the outer periphery of the display
area; a plurality of touch electrode disposed in the display
area; a touch connection electrode which connects two
adjacent touch electrodes which are spaced apart from each
other, among the plurality of touch electrodes; and a crack
detecting electrode which surrounds the camera area and 1s
disposed on the same layer as the plurality of touch elec-
trodes, the plurality of touch electrodes include a plurality of
first touch electrodes extending in a first direction and a
plurality of second touch electrodes extending in a second
direction intersecting the first direction, wherein the crack
detecting electrode includes a first crack detecting electrode
which surrounds the camera area and a second crack detect-
ing electrode which 1s disposed in the display area and
extends 1n the second direction, and the second crack
detecting electrode has a zigzag pattern.

The first touch electrode may include a plurality of touch
blocks and the plurality of touch blocks have a first touch
block adjacent to the camera area, a second touch block
adjacent to the second crack detecting electrode, and a third
touch block excluding the first touch block and the second
touch block.

The second touch block may have the same size as the
third touch block.

The second touch block may have a different size di
from the third touch block.

The second crack detecting electrode may be disposed 1n
a connection unit disposed between two adjacent touch
blocks among the plurality of touch blocks.

The plurality of touch electrodes may have a mesh
pattern.

According to another aspect of the present disclosure, a
display device includes a substrate including a camera area
in which a camera 1s disposed, a display area which sur-
rounds the camera area and includes a plurality of sub pixels,
and a non-display area located at the outer periphery of the
display area; an encapsulation unit which covers the display
area; a plurality of first touch electrodes and a plurality of
second touch electrodes disposed on the encapsulation unit
to intersect 1n different directions; a touch connection elec-
trode which connects two adjacent first touch electrodes
among the plurality of first touch electrodes; and a crack
detecting electrode which surrounds the camera area and 1s
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disposed on the same layer as the plurality of first touch
clectrodes and the plurality of second touch electrode, the
crack detecting electrode includes a first crack detecting
clectrode which surrounds the camera area and a second
crack detecting electrode which 1s disposed in the display
area and extends in the second direction, and the second
crack detecting electrode has a zigzag pattern.

The first touch electrode may include a plurality of touch
blocks and the plurality of touch blocks have a first touch
block adjacent to the camera area, a second touch block
adjacent to the second crack detecting electrode, and a third
touch block excluding the first touch block and the second
touch block.

The second touch block may have the same size as the
third touch block.

The second touch block may have a different size different
from the third touch block.

The second crack detecting electrode may have a mesh
pattern and intersects the touch connection electrode.

Although the exemplary embodiments of the present
disclosure have been described 1n detail with reference to the
accompanying drawings, the present disclosure 1s not lim-
ited thereto and may be embodied 1n many different forms
without departing from the technical concept of the present
disclosure. Theretfore, the exemplary embodiments of the
present disclosure are provided for i1llustrative purposes only
but not intended to limit the technical concept of the present
disclosure. The scope of the technical concept of the present
disclosure 1s not limited thereto. Therefore, 1t should be
understood that the above-described exemplary embodi-
ments are illustrative 1n all aspects and do not limit the
present disclosure. The protective scope of the present
disclosure should be construed based on the following
claims, and all the technical concepts in the equivalent scope
thereol should be construed as falling within the scope of the
present disclosure.

What 1s claimed 1s:

1. A display device, comprising:

a substrate including a camera area in which a camera 1s
disposed, a display area which surrounds the camera
arca and includes a plurality of sub pixels, and a
non-display area located at an outer periphery of the
display area;

a plurality of touch electrode disposed 1n the display area;

a touch connection electrode which connects two adjacent
touch electrodes which are spaced apart from each
other, among the plurality of touch electrodes; and

a crack detecting electrode which surrounds the camera
area and 1s disposed on the same layer as the plurality
of touch electrodes,

wherein the plurality of touch electrodes include a plu-
rality of first touch electrodes extending i1n a first
direction and a plurality of second touch electrodes
extending in a second direction intersecting the first
direction, and

wherein the crack detecting electrode includes a first
crack detecting electrode which surrounds the camera
area and a second crack detecting electrode which 1s
disposed 1n the display area and extends in the second
direction, and

wherein the second crack detecting electrode has a zigzag
pattern.
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2. The display device according to claim 1,

wherein the first touch electrode includes a plurality of
touch blocks; and

wherein the plurality of touch blocks have a first touch
block adjacent to the camera area, a second touch block
adjacent to the second crack detecting electrode, and a
third touch block excluding the first touch block and the
second touch block.

3. The display device according to claim 2,

wherein the second touch block has the same size as the

third touch block.

4. The display device according to claim 2,
wherein the second touch block has a different size

different from the third touch block.

5. The display device according to claim 2,

wherein the second crack detecting electrode 1s disposed
in a connection unit disposed between two adjacent
touch blocks among the plurality of touch blocks.

6. The display device according to claim 1,

wherein the plurality of touch electrodes have a mesh
pattern.

7. A display device, comprising:

a substrate including a camera area in which a camera 1s
disposed, a display area which surrounds the camera
arca and 1includes a plurality of sub pixels, and a
non-display area located at an outer periphery of the
display area;

an encapsulation unit which covers the display area;

a plurality of first touch electrodes and a plurality of
second touch electrodes disposed on the encapsulation
unit to intersect 1n diflerent directions:

a touch connection electrode which connects two adjacent
first touch electrodes among the plurality of first touch
electrodes; and

a crack detecting electrode which surrounds the camera
area and 1s disposed on the same layer as the plurality
of first touch electrodes and the plurality of second
touch electrode,

wherein the crack detecting electrode includes a first
crack detecting electrode which surrounds the camera
area and a second crack detecting electrode which 1s
disposed 1n the display area and extends 1n the second
direction, and

wherein the second crack detecting electrode has a zigzag
pattern.

8. The display device according to claim 7,

wherein the first touch electrode includes a plurality of
touch blocks, and

wherein the plurality of touch blocks have a first touch
block adjacent to the camera area, a second touch block
adjacent to the second crack detecting electrode, and a
third touch block excluding the first touch block and the
second touch block.

9. The display device according to claim 7,

wherein the second touch block has the same size as the
third touch block.

10. The display device according to claim 7,

wherein the second touch block has a diflerent size
different from the third touch block.

11. The display device according to claim 7,

wherein the second crack detecting electrode has a mesh
pattern and intersects the touch connection electrode.
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